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Previously, we identified an immunodominant antigen, P50 of Babesia gibsoni. In the present study the 
encoding the truncated P50 (rP50t) without a C-terminal hydrophobic region (29 ammo acids [aa]) was 
Se se g d in insect cells by a recombinant baculovirus. The highly hydrophobic C-terminal 20-aa regions seems 
L be a transmembrane region, which was evidenced by the fact that rP50t was effectively secreted into the 
suoerna tant of insect cells infected with the recombinant baculovirus. N-terminal amino acid sequence analysis 
o ?5^i2^^?Kt™.^ 19 aa function as a signal peptide^The expression level of rP50t 
to *> me per 10* cells infected with the recombinant baculovirus. The immunogen.c property of rPSOt was 
l7uat g ed P by an immunization test in mice/Mice immunized with rP50t induced a high-level antibody ti er 
against the A gibsoni merozoite. Monoclonal antibodies (MAbs) to rP50t were produced in mice to determine 
th ^ mmunogefic regions of P50. The epitope(s) recognized by all five MAbs were located between a 19 n a „ d 
273 suggesting that the central part of P50 is a highly immunogenic region. The diagnostic potential of rP^Ot 
was using an enzyme-linked immunosorbent assay (ELISA). The ELISA was able to 

dearly (P < 0.0001) between * g^m-infected dog serum and B. ca^-infected dog serum or nonmfected dog 
serum Our results indicated that the rP50t may provide a useful potential immunogenic reagent for use m 
diagnosis and as a subunit vaccine to control B. gibsoni infection in dogs. 



Babesia gibsoni is a tick-borne hemoprotozoan parasite that 
causes piroplasmosis in dogs. The disease is characterized 
by remittent fever, progressive anemia, hemoglobinuria, and 
marked splenomegaly and hepatomegaly; sometimes, it causes 
death (2, 22, 26). B. gibsoni infection is endemic in many 
regions of Asia, Africa, Europe, and America (11, 14). Re- 
cently, this disease has frequently been observed in companion 
animals, becoming a significant problem from a clinical point 
of view (1, 4, 16, 20). 

The development of a vaccine that would reduce or prevent 
the clinical symptoms of canine B. gibsoni infection is consid- 
ered to be the best approach for controlling the disease. How- 
ever, no vaccine is currently available. Therefore, there is a 
need to develop an effective vaccine to control B. gibsoni in- 
fection in dogs. Further, the development of a diagnostic 
method for canine B. gibsoni infection was also considered 
important for controlling this infectious disease. Previously, we 
cloned a novel gene encoding a protein with a molecular mass 
of 50 kDa (P50) from B. gibsoni and demonstrated that P50 is 
a major surface protein and an immunodominant antigen (6). 
The entire recombinant P50 (rP50) expressed in insect cells by 
the baculovirus was shown to have good antigenicity and im- 
munogenicity (6). The enzyme-linked immunosorbent assay 
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(ELISA) with rP50 as an antigen could detect the specific 
antibody in the sera from dogs experimentally infected with B. 
gibsoni. However, its usefulness was hindered by a large con- 
tamination with many proteins from insect cells or baculovirus. 

It is known that a truncated form of a membrane protein 
without a transmembrane region can be secreted into a super- 
natant of insect cells infected with recombinant baculoviruses 
and, therefore, provide an easy way to prepare pure immuno- 
genic proteins (19). In the present study, the gene encoding 
truncated P50 (rP50t) without a C-terminal hydrophobic trans- 
membrane region was expressed in insect cells by the recom- 
binant baculovirus in order to obtain a pure and large amount 
of rP50t from the culture supernatant. Furthermore, we eval- 
uated the possibility that the rP50t could be used as an im- 
munogen for the animals and as an antigen for the ™ TC A *~ 
diagnose canine B. gibsoni infection. 



MATERIALS AND METHODS 
Parasite. The NRCPD strain (6, 12) or ft gibsoni parasite was used, ft gibsoni- 
infected red blood cells (RBC) were collected from an experimentally infected 
dog at peak parasitemia (25% parasitemia) and washed twice with phosphate- 
buffered saline (PBS) by centrifugation at 1,200 x g (himac CF7D2; Hitachi, 
Tokyo, Japan) for 10 min at 4°C: then, the infected RBC were kept at -80°C 
until use. Fresh ft gibsoni parasites were prepared from canine RBC-substituted 
SCID (Ca-RBC-SC1D) mice (Clca Japan, Tokyo, Japan) infected with B. gibsoni 

(5 Computer analysis of the structure of the P50. Computer analysis of the signal 
sequence and the transmembrane region of the P50 was performed with the 
computer program SOSUI (http^/sosui.proteome.bio.taut.acjp/sosuiframeO) (8, 
17). The antigenicity or hydrophiliciiy of the P50 was analyzed by the Welling 



596 



Vol. 10, 2003 



B. GIBSON! P50 EXPRESSION IN INSECT CELLS 597 



method (21) or ihe Hopp- Woods melhod (9, 10) with the computer program 
Mac Vector 6.5.3 (Oxford Molecular, Hunt Valley, Calif.). 

Construction of the two recombinant baculovi ruses AcPSO and AcPSOt. Con- 
struction of the recombinant baculovirus AcP50 carrying a complete open read- 
ing frame of the B. gibsoni P50 gene was described in a previous paper (6). One 
set of oligonucleotide primers including the EcoR\ restriction enzyme site for 
PCR amplifying the truncated gene encoding P50 without the C-terminal 29 
amino acids (aa) was desiened (forward, 5'-ACGAATTCTAATATGAATG 
TCGTT-3 1 ; reverse, 5 ACG AATTCTG G AGCTTCTGCACGT-3 ' ). The PCR 
product was digested with £roRl and then ligated into the EcoR\ site of the 
baculovirus transfer vector P BacPAK8 (Clontech, Palo Alto, Calif.). The struc- 
ture of recombinant plasmid pBP50t was checked by restriction enzyme analysis, 
and the nucleotide sequence was analyzed with a model ABI 3100 DNA se- 
quencer (Applied Biosystems, Foster City, Calif.). Construction of the recombi- 
nant baculovirus AcP50t was performed as described previously (23-25). 

Expression of the rP50 and rP50t in insect cells. High Five (HF) cells infected 
with AcPSO or AcPSOt (10 PFU/cell) were incubated with 1 ml of a protein-free 
Sf-900 II SFM medium (Gibco BRL, Rockville, Md.) for 4 days. After incuba- 
tion, the cell and culture medium mixtures were centrifuged at 1,400 x g (himac 
CF15D2; Hitachi) for 5 min at 4°C, and the supernatants were further centri- 
fuged at 99,000 X g (himac CS150GE; Hitachi) for 2 h at 4°C to get rid of the 
viruses. The resulting supernatants were collected and used for further experi- 
ments. The infected cells were washed twice with PBS by centrifugation at 5,000 
rpm for 5 min at 4°C and then resuspended in 1 ml of PBS for further analysis. 

SDS-PAGE and Western blotting. The HF cells infected with AcPSO or AcPSOt 
and its supernatants were mixed with an equal volume of a 2x sodium dodecyl 
sulfate (SDS) gel-loading buffer (100 mM Tris-HCl [pH 6.8], 100 mM 2-mer- 
captoehanol, 4% SDS, 0.2% bromophenol blue, 20% glycerol). The purification 
of B. gibsoni merozoites was performed as previously described (15). The purified 
B. gibsoni merozoites were mixed with an equal volume of an SDS gel-loading 
buffer under reducing conditions. The samples were boiled for 5 min, and then 
each 10 u.1 of sample was subjected to SDS-polyacrylamide gel electrophoresis 
(PAGE). For SDS-PAGE analysis, the gel was stained with Cooraassie brilliant 
blue (CBB). After SDS-PAGE, the protein bands in the gel were electrically 
transferred to a membrane (Immobilon transfer membrane; Millipore, Bedford, 
Mass.). Western blotting was carried out as described previously (6, 24). The 
signals were detected with enhanced chemiluminescence detection reagents 
(Amersham Biosciences, Little Chalfont, United Kingdom) using the VersaDoc 
5000 imager (Bio-Rad, Hercules, Calif.). 

N-terminal amino acid sequence analysis of rPSOt. The membrane transferred 
with the rP50t described above was stained with CBB, and the protein bands 
were excised and subjected to N-terminal amino acid sequence analysis. The 
amino acid sequence analysis was performed with the HP G1005A protein 
sequencing system (Hewlett-Packard, Palo Alto, Calif.) following the manufac- 
turer's instructions. 

1FAT. Indirect immunofluorescence antibody test (IF AT) was carried out as 
described in our previous work (6). 

Determination of antibody titer by EUSA with GST-P50. The entire P50 gene 
in the pBluescript SK(+) vectors was subcloned into the pGEX-4T-3 plasmid 
(Promega, Madison, Wis.) of the bacterial expression vector and designated as 
pGEX/P50. The recombinant protein was expressed as the fusion protein of the 
glutathione S- transferase (GST) protein in the Escherichia coii DH5a strain 
according to the manufacturer's instructions (Promega) and designated GST- 
P50. The purification of GST-P50 was performed as described previously (13). 
The BLlSA with GST-P50 was carried oui according to a method describe^ 
earlier (6, 25). 

f^^Produclion of monoclonal antibodies (MAbs) against P50. The supernatant 
i containing rP50t was concentrated 10 times using a Vivapore 10/20 7,500- 
1 molecular-weight-cutofT polyethersulfone membrane (Vivascience, Stonehouse, 
United Kingdom). One hundred micrograms of the rP50t in Freund's complete 
adjuvant (Difco Laboratories, Detroit, Mich.) was intraperitoneally injected into 
mice (BALB/c, 8 weeks old). The same antigen in Freund's incomplete adjuvant 
(Difco) was intraperitoneally injected into the mice on day 14 and again on day 
28. The mouse with the highest antibody titer by the EUSA with GST-P50 was 
selected as the spleen donor. Splenocytes (1.25 x 10 8 cells) were fused with Sp2 
myeloma cells (10 7 ), and hyhridomas were cultured in a GIT medium (Wako, 
Tokyo, Japan) supplemented with hypoxanthine, aminopterin, and thymidine in 
96-well plates. Two to three weeks after fusion, screening of hybridomas was 
done by the EL1SA with GST-P50. Positive hybridomas were cloned by limiting 
f dilution. 

L , -Characterization of MAbs against P50. To determine the epitope(s) recog- 
nized by MAbs, two kinds of deletion clones of P50 were constructed and 
expressed in £. coli as the GST fusion protein (Fig. 1C). The GST-P50 encodes 



the entire open reading frame of the P50 gene described above (aa 1 to 466). The 
GST-P50B encodes a peptide from the start codon to the BglU restriction 
enzyme site (aa 1 to 273) of the P50 gene. The GST-P50N encodes a peptide 
from the start codon to the Nde\ restriction enzyme site (aa 1 to 190) of the P50 
gene. The three fusion proteins and the control GST were used for the antigen 
in dot blotting. Each 1 u.g of recombinant proteins was spotted onto the nitro- 
cellulose membrane and then blocked with 3% skim milk-PBS. The antibody 
reaction and signal detection were performed as in the method for Western 
blotting. The isotype of the MAbs was determined with a mouse MAb isotyping 
kit (Amersham) following the manufacturer's instructions. 

Diagnosis of the canine B, gibsoni infection by EUSA with rP50t. Individual 
wells of a microliter plate were coated with the rP50t (50 ng/well) in an antigen- 
coating buffer (0.05 M carbonate-bicarbonate buffer, pH 9.6). The ELISA was 
performed as described previously (6, 25). The canine sera used for EUSA were 
as follows: (i) sequential serum samples from a dog experimentally infected with 
B. gibsoni (NRCPD strain); (ii) 19 serum samples from dogs experimentally 
infected with B. gibsoni; (iii) 5 serum samples from dogs experimentally infected 
with B. canis; (iv) 17 serum samples from field dogs from clinical hospitals in 
Japan that had tested positive fori?, gibsoni by microscopic examination or PCR 
analysis (7); (v) 24 serum samples from healthy dogs. All serum samples were 
used in a 200-fold dilution for ELISA. The cutoff value of 0.0463 was calculated 
from the results of the ELISA of 24 healthy-dog serum samples as foUows: 
0.0203125 (mean value) + 3 X 0.0086625 (standard deviation). The difference of 
the ELISA values between the group of sera from healthy dogs and other groups 
were compared statistically by nonparametric analysis using the Mann-Whitney 

Antiserum and antibodies. Production of antiserum against the gene 10-P50 
was described in a previous work (6). Horseradish peroxidase-conjugated goat 
anti-mouse immunoglobulin Gl (IgGl) or lgG2a antibody (Bethyl Laboratories, 
Montgomery, Tex.) was used for the EUSA with the GST-P50 and Western 
blotting. Horseradish peroxidase-conjugated goat anti-dog IgG antibody (Be- 
thyl) was used for the EUSA with the rP50t. Alexa-conjugated goat anti-mouse 
IgG antibody (Molecular Probe, Eugene, Oreg.) was used for I FAT. 

All experiments described in this article were conducted in accordance with 
the Guiding Principles for the Care and Use of Research Animals promulgated 
by Obihiro University of Agriculture and Veterinary Medicine. 



RESULTS 

Construction of the recombinant baculovirus expressing 
rP50t. To design a truncated clone of the P50 gene, the amino 
acid sequence of P50 was analyzed by computer programs (9, 
10). The result indicated that the P50 possessed a putative 
signal peptide (19 aa) and a transmembrane region (20 aa) on 
the N and C termini, respectively (Fig. 1 A). Hence, the recom- 
binant baculovirus AcP50t expressing the truncated P50 
(rP50t) without the putative C terminus transmembrane region 
was constructed. 

Expression and characterization of rP50t in insect cells. The 
HF cells or its culture medium infected with AcPSOt expressing 
rP50t or AcP50 expressing rP50 was analyzed by SDS-PAGE 
and Western blotting. In the SDS-PAGE analysis, only the 
single band of the r50t with a molecular mass of 46 kDa was 
detected (Fig. 2A). In the Western blotting, the r50t with a 
molecular mass of 46 kDa was detected in both the culture 
medium and the infected cells (Fig. 2B). In contrast with rP50t, 
the entire rP50 with a molecular mass of 50 kDa was only 
detected in the infected cells but not in the culture medium 
(Fig. 2B). This result indicated that the C-terminal hydropho- 
bic region (20 aa) of P50 functions as a transmembrane region 
anchoring to the cell membrane (Fig. 3). On the other hand, 
the N-terminal amino acid sequence of rP50t was found to 
correspond to aa 20 to 26 deduced from the P50 gene sequence 
(Fig. 3). This result indicated that the first 19 aa of P50 func- 
tions as a signal sequence. The expression level of rP50t in the 
culture medium reached 2 mg per 10 8 cells (data not shown). 
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GST-P50B, used for the determination of the epitope(s) of MAbs on P50. 



Analysis of the immunogenic properties of rP50t The im- 
munogenic activity of rP50 expressed in insect cells by the 
recombinant baculovirus was examined by inoculating the pu- 
rified rP50t into mice. Ali three mice immunized with rF50i 
produced high titers (1:409,600 to 1:819,200) of specific anti- 
body to GST-P50 (data not shown). The antibody to rP50t 
induced in mice reacted strongly with intact B. gibsoni mero- 
zoites, as judged by IFAT (Fig. 4). The control serum from a 
mouse immunized with insect cells infected with the recombi- 
nant baculovirus expressing p-galactosidase did not show any 
reactivity to B. gibsoni merozoites (Fig. 4). 

Production and characterization of MAbs against rP50t 
$ive"cTones of hybridoma-secreting antibody against P50 were 
obtained and designated 1A3, 31D, IF, E6, and 2D3: All MAbs ^ 
reacted strongly "to the P50 of B. gibsoni merozoites in Western ; 
blotting (Fig. 5). On the other hand, all MAbs specifically 
*' reacted with intact B. gibsoni merozoites, as judged by IFAT 
(data not shown). The epitopes recognized with the MAbs 
were analyzed by dot blotting using deletion clones of P50 



expressed in E. coli. All MAbs reacted to the GST-P50 (aa 1 to 
466) and GST-P50B (aa 1 to 273) but not to the GST-P50N (aa 
1 to 190) and control GST (data not shown). This result indi- 
0 ™t^tWc\ rpmoni7p.H with all five MAbs are 

uaiuu Liiai iu<- ^p.iu^w^y ' a 

located between aa 190 and 273 of P50. 

ELISA with rPSOt for diagnosing canine B. gibsoni infection. 
To evaluate whether the rP50t can be a suitable antigen for the 
diagnosis of B. gibsoni infection in dogs, the rP50t was tested in 
ELISA. As shown in Fig. 6, all serum samples from dogs 
experimentally infected with B. gibsoni were positive (optical 
density > 0.0463; P < 0.0001), whereas the serum samples 
from healthy dogs (optical density < 0.0463) and B. canis- 
infected dogs (optical density < 0.0463; P = 0.2851) were 
negative. Furthermore, all serum samples collected from the 
field dogs infected with B. gibsoni were positive (optical density 
> 0.0463; P < 0.0001). A dog experimentally infected with 
B. gibsoni 6tvt\op&6 a significant level of antibody response to 
the P50 antigen by day 8, as determined by the ELISA (Fig. 7). 
The antibody response was maintained at high levels until 360 
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FIG. 2. SDS-PACE and Western blot analysis of rP50t expressed 
in insect cells. (A) SDS-P AGE analysis of the rP50t expressed in insect 
cells. The protein bands were stained with CBB. Lane 1, culture me- 
dium of recombinant baculovirus AcP50t-infected cells expressing 
rP50t: lane 2, lysate of recombinant baculovirus AcP50t-infected cells 
expressing rP50t. (B) Western blot analysis of rP50t expressed in insect 
cells. Lanes 1 to 3, culture medium of recombinant baculoyirus-in- 
fected cells; lanes 4 to 6, lvsate of recombinant baculovirus -infected 
cells; lanes 1 and 4, AcP50t expressing rP50t; lanes 2 and 5, recombi- 
nant baculovirus AcP50 expressing rP50; lanes 3 and 6, control recom- 
binant baculovirus AcLacZ expressing 0-galactosidase. 

days postinfection, even when it became the chronic stage of 
infection that characterized a significantly low level of para- 
sitemia (Fig. 7). 

DISCUSSION 

In the previous study, we identified and cloned a novel gene 
encoding P50 from B. gibsoni by immunoscreening of a cDNA 
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FIG. 3. Amino acid sequence of P50. The N-terminal amino acid 
sequence in boldface type shows the signal peptide region (aa 1 to 19), 
and the underlined sequence shows the predicted sequence by the 
N-terminal amino acid sequence analysis of rP50t. The arrowhead 
shows the predicted carving site of the signal sequence. The C-terminal 
amino acid sequence in boldface type shows the truncated region of 
rP50t, and the underlined sequence shows the predicted transmem- 
brane region as analyzed by SOSU1. 



P50 



FIG. 4. I FAT analysis of the reactivity of serum collected from 
mice immunized with the rP50t against B. gibsoni merozoites. P50, 
anti-rP50t mouse serum; control, anti-^-galactosidase mouse serum. 

library with infected dog serum and demonstrated that P50 is 
a surface membrane protein which showed no homology to the 
other proteins, including apicomplexan parasite, and P50 is 
considered to be an important candidate for the development 
of a diagnostic reagent or subunit vaccine to control B. gibsoni 
infection in dogs, although its function is unknown (6). In the 
present study, the gene encoding the truncated P50 without a 
putative C-terminal transmembrane region was expressed in 
insect cells by a baculovirus, and its immunogenicity and anti- 
genicity were evaluated. 

The baculovirus expression system offers significant advan- 
tages over prokaryotic and other eukaryotic systems for the 
production of proteins because, in many cases, the recombi- 
nant proteins expressed in insect cells by baculoviruses are 
present in high amounts and are similar in structure, biological 
activity, and immunological reactivity to the naturally occur- 
ring proteins. The advantages of the baculovirus expression 
system led us to express P50 in insect cells by a baculovirus. 
The rP50t without the putative C-terminal transmembrane re- 
gion (29 aa) was effectively secreted into the insect cell culture 
medium, in contrast with the entire rP50, which was expressed 
as an intracellular protein. This result indicated that the C- 
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FIG. 5. Western blot analysis of reactivity of MAbs against P50. 
The reactivity of the MAbs to the native P50 protein was determined 
using B. gibsoni merozoite lysate as the antigen. Membrane A, MAb 
1A3; membrane B, MAb 31 D; membrane C, MAb E6; membrane D, 
MAb IF; membrane E, MAb 2D5. Lanes 1, lysates of B. gibsoni- 
infected RBC; lanes 2, control lysates of healthy-dog RBC were used 
for the antigen. 
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FIG. 6. Values from ELISA with rP50t and B. gibsoni- infected dog 
sera. The results are shown as mean values, and error bars represent 
standard deviations. Lane 1, sera from healthy dogs (n = 24); lane 2, 
B. ca/its-infected dog sera (n = 5); lane 3, experimentally B. gibsoni- 
infected dog sera (n = 19); lane 4, naturally B. gibsoni -infected dog 
sera (n = 17). A significant difference (*, P < 0.0001) between lane 1 
and lane 3 or 4 was found. 



terminal 20 aa functions as a transmembrane domain. On the 
other hand, the N-terminal amino acid sequence of rP50t cor- 
responded to aa 20 to 26 deduced from the P50 gene sequence 
(6). This result indicated that the N-terminal 19 aa functions as 
a signal sequence. 

The secreted rP50t offers some advantages over the intra- 
cellular rP50. The procedure for the preparation of secreted 
rP50t is much easier and overcomes the problem of contami- 
nation with proteins from insect cells or baculoviruses. In ad- 
dition, the expression level of rP50t in the culture medium 
reached 100 mg/liter. This result indicated that the expression 



of the rP50t in insect cells was considered as a useful method 
for the preparation of the immunogen. 

Mice were immunized with rP50t in order to determine the 
immunogenicity of the reagent. All mouse sera showed signif- 
icantly high levels of antibody titer against GST-P50, and the 
sera were strongly reacted to the J3. gibsoni merozoites in 
1FAT. These results suggested that the rP50t is a useful re- 
agent as an immunogen for animals. Furthermore, MAbs to 
the rP50t were produced in mice to determine the immuno- 
genic regions of P50. All five MAbs were confirmed to react 
strongly to intact blood merozoites of B. gibsoni. The epi- 
tope^) recognized by all five MAbs was identified between aa 
190 and 273^ which suggested that the central part of P50 is a 
highly immunogenic region. 

In our previous study, the entire intracellular rP50 expressed 
in insect cells was shown to have good antigenicity. Further- 
more, the ELISA with rP50 was able to differentiate between 
B. gibsoni-infected dogs and normal dogs or B. cants -infected 
dogs, although the recombinant antigen was still contaminated 
with many proteins from insect cells or baculoviruses (6). Thus, 
the ELISA with rP50 showed that the high-level background 
might be caused by a nonspecific reaction to some contami- 
nants. Therefore, we had to prepare an antigen control when 
detecting the antibody against P50 by the ELISA with rP50. In 
this study, the ELISA with the rP50t showed a significantly low 
level of background. This result suggested that the rPSOt con- 
tained a significantly low level of the contaminated proteins 
from insect cells or baculoviruses, resulting in the low-level 
background. Therefore, the ELISA with the rP50t could spe- 
cifically detect the antibody against P50 from the sera collected 
from dogs experimentally or naturally infected with B. gibsoni 
without the antigen control. In the sequential serum samples 
derived from a dog experimentally infected with B. gibsoni, 
ELISA antibody titers became positive at 8 days and increased 
thereafter until 360 days postinfection. This result was similar 
to the result of the ELISA titer with the rP50 as an antigen (6). 
These results indicated that the rP50t could be used as a more 
effective diagnostic antigen for the diagnosis of B. gibsoni in- 
fection in dogs. 

Recently, baculoviruses have become a popular vehicle for 
the expression of genes from protozoan parasites in insect 
cells, and many reports have shown that animals immunized 
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FIG 7 Detection of antibody to rPSOt in a dog experimentally infected with B. gibsoni by ELISA. The parasitemia is also shown in the same 
panel. The mean values from absorbance for two individual experiments are shown. OD, optical density. 
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with the recombinant antigens induced protective immunity 
against virulent parasite challenge infections (3, 18). In the 
present study, mice immunized with rP50t expressed in insect 
cells induced a high titer of antibody against the blood mero- 
zoite of B. gibsoni, although its protective effects had not been 
investigated. Eventually, we will study the feasibility of rP50t as 
a subunit vaccine to control B. gibsoni infection in dogs. 
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